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Donor-acceptor (D-A) type copolymers show great potential for the application in the active layer of or- 
ganic solar cells. Nevertheless the nature of the excited states, the coupling mechanism between them and the 
relaxation pathways following photoexcitation are yet to be clarified. We carried out comparative measure- 
ments of the steady state absorption and photoluminescence (PL) on the copolymer poly[N-(l-octylnonyl)-2,7- 
carbazole]-alt-5,5-[4',7'-di(thien-2-yl)-2',l',3'-benzothiadiazole] (PCDTBT), its building blocks as well as on 
the newly synthesized N-(l-octylnonyl)-2,7-bis-[(5-phenyl)thien-2-yl)carbazole (BPT-carbazole), which repre- 
sents the PCDTBT segments without the thiadiazole groups (Fig. 1). The high-energy absorption band (HEB) 
of PCDTBT was identified with absorption of carbazoles with adjacent thiphene rings while the low-energy 
band (LEB) originates instead from the charge transfer (CT) state delocalized over the aforementioned unit with 
adjacent benzothiadiazole group. Photoexcitation of the HEB is followed by internal relaxation (electron trans- 
fer towards thiadiazole) prior the radiative decay to the ground state. Adding PC70BM results in the efficient PL 
quenching within the first 50 ps after excitation. From the PL excitation experiments no evidence for a direct 
electron transfer from the HEB of PCDTBT towards the fullerene acceptor was found, therefore the internal re- 
laxation mechanisms within PCDTBT can be assumed to precede. Our findings indicate that effective coupling 
between copolymer building blocks governs the photovoltaic performance of the blends. 



A. INTRODUCTION 

One of the successful approaches for improving the per- 
formance of organic solar cells includes the synthesis of new 
materials used in the active device layer. While the best ac- 
ceptors so far are still the widely used fullerene derivatives, 
the efficiency of organic solar cells could be significantly im- 
proved reaching an efficiency above 8 % [1, 2] by the synthe- 
sis of new and more complex copolymers with the record of 
10.6 % in a tandem architecture [3] . These so-called third 
generation polymers have a reduced band gap and are de- 
signed to offer a more efficient light harvesting of the solar 
spectrum and higher open circuit voltages [4, 5]. A promi- 
nent and intensively studied group of these new materials 
are the donor-acceptor copolymers, for example fiuorene- or 
carbazole -based polymers [6-8]. Apart from the enhanced de- 
vice performance that was achieved using these donor materi- 
als little is known about the elementary processes taking place 
after photoexcitation, which however might be of importance 
to fully exploit the potential of these becoming more and more 
complex systems. 

In this work we report on the excitation dynamics 
in the donor-acceptor copolymer poly[N-(l-octylnonyl)- 
2,7-carbazole]-alt-5,5-[4',7' -di(thien-2-yl)-2' , 1 ' ,3' - 
benzothiadiazole] PCDTBT. This promising new acceptor, 
which was first synthesized by M. Leclerc and coworkers [9], 
exhibits an internal quantum efficiency approaching unity 
and yields efficiencies of up to 7.2 % in solar cell devices 
when blended with PC70BM [10-12]. In contrast to more 
conventional and widely studied conjugated polymers such 
as poly(phenylene-vinylene) or polythiophene (polymers of 
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second generation), the absorption spectra of donor-acceptor 
copolymers exhibit two distinct absorption bands. In the case 
of PCDTBT the maxima of these bands are located at approx- 
imately 400 and 560 nm, respectively. These two bands have 
been assigned to 71 — 71* transitions into the first and second 
excited singlet state [13] which were later found to exhibit a 
CT character [14]. Contrary to these results in a theoretical 
work on polyfluorene-based copolymer DiO-PFDTBT only 
the lower-energy band was associated with intrachain charge 
transfer [15]. 

Here we carry out a comparative study of absorp- 
tion and photoluminescence spectra of PCDTBT and 
its building blocks, the carbazole and 4,7-di(thien-2-yl)- 
2,1,3-benzothiadiazole (DTBT) monomers, as well as the 
newly synthesized N-(l-octylnonyl)-2,7-bis-[(5-phenyl)thien- 
2-yl)carbazole (BPT-carbazole). The latter resembles a seg- 
ment of the copolymer backbone without the thiadiazole units 
(see 1). The measurements enable us to identify the high- 
energy absorption band (HEB) of PCDTBT with the N-(l- 
octylnonyl)-2,7-di(thien-2-yl)carbazole (BTC) unit and the 
low-energy band (LEB) with a charge transfer (CT) band 
formed by BTC and adjacent benzothiadiazole. This finding 
is in contrast to Banerji et al., who interpreted their results as 
both bands having CT character [14]. The large difference in 
the solvatochromic shift of the photoluminescence of all stud- 
ied benzothiadiazole containing molecules provides strong ev- 
idence in favor of a charge transfer character of the LEB, 
rather than an energy transfer character. For analyzing the ex- 
citation dynamics we applied picosecond time-resolved pho- 
toluminescence spectroscopy to the thin films of neat copoly- 
mer PCDTBT and 1:1 PCDTBT:PC 70 BM blend. Combining 
the results of steady state and time-resolved measurement we 
are able to draw a detailed picture of the processes follow- 
ing the photoexcitation of the donor copolymers in a fullerene 
blend system used for photovoltaic applications. 
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B. EXPERIMENTAL SECTION 

PCDTBT (1-material) and PC70BM (Solenne) were used 
without further purification. All commercially available start- 
ing materials and reaction intermediates, reagents and sol- 
vents for the co-monomers and the monomer CDTBT (see 
Figure 1) were obtained from Acros, Aldrich or VWR and 
were used as supplied, unless otherwise noted. All syn- 
theses were carried out in an inert atmosphere and the 
molecules were characterized by 1 H- and 13 C-NMR spec- 
troscopy. The NMR spectra were recorded using a Bruker 
Avance 400 or a Bruker Avance III 600MHz spectrometer. 
The synthesis of the N-(l-octylnonyl)carbazole (carbazole) 
and 4,7-di(thien-2-yl)-2,l,3-benzothiadiazole (DTBT) were 
described elsewhere [9, 16]. CDTBT was synthe- 
sized by a palladium-catalyzed Stille-type coupling us- 
ing N-(l-octylnonyl)-2-bromocarbazole and 4-(thien-2-yl)- 
7- [2-(tributylstannyl)thien-5-yl]-2, 1 ,3-benzothiadiazole [17]. 
For the synthesis of BPT-carbazole, N-(l-octylnonyl)-2,7- 
dibromocarbazole (1.00 g; 1.77 mmol) and 5-phenyl-2- 
thienylboronic acid (0.84 g; 4.12 mmol) were dissolved in a 
mixture of 50 ml toluene, 10 ml water and 10 ml 2N aq. KOH 
solution. Tetrakis(tripehylphosphin)palladium was added and 
the resultant mixture was heated at 80 over night. The re- 
action mixture was allowed to cool, poured into water (300 
ml) and the crude product was extracted with DCM (3x200 
ml). The combined organic extracts were washed with brine 
(2x200 ml), dried over MgS04 and the solvent was removed 
under reduced pressure. Purification was carried out via col- 
umn chromatography (hexane) to yield a yellow solid (340 
mg; 29 %). 

For steady-state liquid phase optical measurements the 
materials were dissolved in chloroform except for the sol- 
vatochromism measurements, where cyclohexane and ace- 
tonitrile were additionally used as solvents (all spectroscopy 
grade). The solvent polarity function f(D) — 0.5 fin 1 ) for the 
three solvents was calculated using f(D) = (D — 1)/ (2D + 1 ) 
and f(n 2 ) = (n 2 - l)/(2n 2 + 1), where n is the refractive in- 
dex and D the dielectric constant of the solvent [18]. Thin 
films were fabricated by spincoating from chlorobenze solu- 
tion onto a quartz substrate under nitrogen atmosphere. The 
film thickness of 90 nm was determined using a Dektak pro- 
filometer. 

Absorption measurements were carried out using a 1 cm 
quartz cuvette on a JASCO V-670 UV/Vis/NIR spectrometer 
while for the PL and excitation measurements a PTI (Pho- 
ton Technology International) QM-2000-4 fluorescence spec- 
trometer with a cooled photomultiplier (R928 P) and a 75 W 
Xe short arc lamp (UXL-75XE, Ushio) was used. For the 
time-resolved PL measurements, the output of a Ti:Sa oszilla- 
tor (Spectra Physics, 100 fs, 800 nm) was frequency doubled 
and focused onto the sample, which was mounted inside a liq- 
uid helium cryostat, using a fluence of 0.8 /jW/cm 2 . The PL 
was spectrally dispersed inside a spectrograph and detected 
with a C 5680 streak camera (Hamamatsu). The temporal res- 
olution of the set-up described was 8 ps. For XRD measure- 
ments the same thin film samples as for the optical measure- 
ments were investigated by a GE XRD3003T/T diffractometer 



(General Electric). 




FIG. 1. Molecular structures of the monomer DTBT, co-monomer 
CDTBT, monomer carbazole as well as BPT-carbazole investigated 
in this work. The BPT-carbazole resembles a segment of PCDTBT 
(at the bottom) without the thiadiazole groups as indicated by the 
dashed box. 



C. RESULTS AND DISCUSSION 

1 . COMPARATIVE STEADY STATE ABSORPTION AND PL 
MEASUREMENTS 

In order to identify the origin of the distinct absorption fea- 
tures in PCDTBT, we compared the absorption spectra of the 
PCDTBT copolymer, both in solution and in solid state, with 
the absorption of its building blocks — carbazole, DTBT and 
CDTBT, i.e., PCDTBT co-monomer unit — in solution. The 
results are shown in Figure 2 (a). Note, that the spectra pre- 
sented, except for carbazole, are normalized with respect to 
the low energy peak height. Carbazole and DTBT exhibit ab- 
sorption below 280 nm, which is the typical region for ben- 
zene absorption, [19] and an absorption band at around 308 
nm. DTBT exhibits a second absorption peak located at 446 
nm, which is absent in the carbazole spectrum and has a char- 
acteristic shape observed in molecules containing benzothia- 
diazole units [20]. Comparing the absorption spectra of DTBT 
with CDTBT, the most prominent feature observed is the 40 
nm redshift, although the spectral shapes are nearly identi- 
cal. This shift can be explained by the derealization of the 
7t-electrons due to the overlap of the electron wavefunctions 
of the constituing monomers DTBT and carbazole [21]. In 
contrast to the comparative absorption study by Banerji et 
al. [14] we observe a slight broadening of the bands com- 
pared to DTBT, possibly due to conformational isomerism 
of the investigated CDTBT molecules. Similarly to DTBT, 
the CDTBT spectrum exhibits two absorption peaks whereas 
the low-energy bands at around 440 nm and 480 nm have the 
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FIG. 2. Absorption (a) and photoluminescence spectra (b) of the 
PCDTBT thin film and chloroform solution as well as of PCDTBT 
building blocks, DTBT, carbazole and co-monomer CDTBT, as well 
as BPT-carbazole in chloroform. 



the spectral shapes of DTBT, CDTBT and PCDTBT PL are 
identical, with the position of the maximum shifted to longer 
wavelength possibly due to increased derealization of the jc- 
electrons but strongly indicating the common final emissive 
state. In agreement with our results from the absorption mea- 
surements the PL spectra become slightly broadened when ex- 
tending the molecules from DTBT to PCDTBT. 
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same shape and, thus, can be assumed to be of the same ori- 
gin, as also indicated by theoretical calculations of Heeger 
and coworkers [14]. Red shifted CDTBT exhibits an addi- 
tional absorption peak, seen below 280 nm, and shoulder at 
300 nm which may indeed stem from the carbazole. We note, 
however, that the resulting CDTBT spectrum can not be seen 
as a simple superposition of the carbazole and DTBT spec- 
tra. Polymerization of CDTBT to PCDTBT leads to a further 
redshift of the two prominent peaks of about 70 nm due to 
an increased derealization of the 7t-electrons and a spectral 
broadening while Banerji et al. observe a slight narrowing. 
The increased energetic broadening found in our measure- 
ments might be explained by a conjugation length distribu- 
tion in the copolymer, also known for other polymers such as 
P3HT [22, 23]. The thin film absorption is very similar to the 
absorption of PCDTBT in solution. Only the LEB exhibits a 
small redshift and slight broadening indicating its sensitivity 
to interchain coupling effects [24] in contrast to the HEB. 

The shape and spectral position of the photoluminescence 
spectrum of PCDTBT do not depend on the excitation wave- 
length, which implies some initial relaxation process prior to 
radiative relaxation to the ground state. According to our pre- 
vious analysis of the absorption spectra, such an internal re- 
laxation mechanism should exist in all investigated molecules 
containing benzothiadiazole units. As shown in Figure 2 (b) 



FIG. 3. (a) Comparison of the absorption spectra of BPT-carbazole 
and PCDTBT in solution showing the excellent overlap of the high- 
energy bands. Inset: The height of the absorption peaks of PCDTBT 
film can be exactly reproduced by its PLE spectrum indicating an 
efficient excitation transfer, (b) Photoluminescence peak position of 
CDTBT (circles), DTBT (squares) as well as BPT-carbazole (trian- 
gles) as a function of solvent polarity (cyclohexane, chloroform and 
acetonitrile). 

In order to identify the nature of the two prominent elec- 
tronic states in PCDTBT, the coupling and hence the relax- 
ation mechanism between them we carried out steady state 
absorption and PL measurements on newly synthesized BPT- 
carbazole (Figure 1). This molecule represents a sequence of 
the PCDTBT backbone with the phenyl instead of the thiadia- 
zole groups. As shown in figure 3 (a), the high-energy absorp- 
tion band of PCDTBT is nearly identical with the absorption 
of BPT-carbazole. By replacing the benzothiadiazole groups 
in PCDTBT by phenyl groups as in BPT-carbazole, the low 
energy band vanishes, indicating that this band is directly con- 
nected to the presence of benzothiadiazole units in the copoly- 
mer. The shape of the BPT-carbazole PL spectrum (Figure 3 
(a), dashed curve) is similar to that of polycarbazole [25] (not 
shown), moreover, it is spectrally overlapping with the low- 
energy absorption band of PCDTBT, making the Forster-type 
coupling between the two energy states a plausible scenario. 
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To verify this scenario, we investigated the influence of 
the solvent polarity on the photoluminescence peak position. 
Three different solvents with respective polarity function val- 
ues of 0.10, 0.25 and 0.39 were used. Figure 3 (b) shows the 
spectral positions of the PL maxima of co-monomer CDTBT 
(circles), monomer DTBT (squares) and BPT-carbazole (tri- 
angles) for the different solvents. The solvatochromic red- 
shift of the PL peak position of the CDTBT with increasing 
solvent polarity is a strong indication for the charge transfer 
character of the LEB. This effect is also clearly present for 
benzothiadiazole containing building block DTBT, while it is 
absent in the case of thiadiazole-free BPT-carbazole. There- 
fore we conclude that the LEB of PCDTBT exhibits a CT 
character, which is consistent with recent theoretical and ex- 
perimental results for a donor-acceptor molecule containing 
benzothiadiazole [26] and the solvatochromic effect observed 
by Banerji et al. for both molecules [14]. In contrast to the 
latter work, where both bands of PCDTBT were associated 
with a charge transfer process, our experimental results on 
BPT-carbazole presented in Figure 3 strongly indicate that the 
HEB of PCDTBT is a K — K* transitions without a significant 
CT character. The excitation is confined between two adjacent 
benzothiadiazole groups which hinder a further derealization 
of the 7t-electrons. These findings are also able to explain the 
relatively small decrease in bandgap upon polymerization of 
CDTBT observed by Heeger and coworkers. The coupling 
between the HEB and the LEB accounting for the internal re- 
laxation can be considered as a (partial) charge transfer from 
the BTC units towards the adjacent benzothiadiazole. As the 
shape of the absorption spectrum of the PCDTBT can be per- 
fectly reproduced by its photoluminescence excitation (PLE) 
spectrum (see inset to Figure 3 (a)) we consider the charge 
transfer as relevant decay mechanisms when exciting the poly- 
mer to the high energy electronic state. 



2. RELAXATION DYNAMICS IN PCDTBT AND 
PCDTBT:PC 10 BM FILMS 

The PL decay dynamics of the PCDTBT following excita- 
tion at 400 nm shown in Figure 4 (a) was found to exhibit a 
significant redshift. Similar to the corresponding steady state 
measurements, the PL spectra of PCDTBT thin film taken at 
various delay times can be described assuming a vibronic pro- 
gression with the 0-1 and 0-2 transition being the dominant 
contributions to the spectrum (fits not shown). The dynamic 
shift of the peak positions of both transitions to lower energies 
for the first 500 ps (inset to Figure 4 (a)) reflects the shift of 
the PCDTBT PL spectrum, indicating that the spectral relax- 
ation is not due to a change of the relative heights of the 0-1 
and 0-2 transitions. The resulting total shift is around 70 meV, 
which is in good agreement with the shift observed for a sim- 
ilar PCDTBT type copolymer with longer side chains [27]. It 
points to a reduced order of the copolymer, which is confirmed 
by X-ray diffraction measurements of PCDTBT thin film (not 
shown) suggesting only small crystallites of PCDTBT in a dis- 
ordered surrounding. PL transients taken at the peak positions 
of the 0-1 and 0-2 transitions in the initial spectrum (8 ps) re- 



flect this trend. The time constants of the low energy peak at 
1.61 eV (see Table I), fitted by a bi-exponential decay model, 
are slightly larger compared to the transients measured at 1 .77 
eV. The average values for Ti and T2 of 98 and 425 ps, respec- 
tively, are in good agreement with the two long-lived PL decay 
components reported by Banerji et al. [28] where both compo- 
nents were assumed to originate from polymer backbone re- 
laxation as well as exciton migration to lower energetic sites. 
Comparing our time-resolved measurements at room temper- 
ature and at 4.2 K, we find that the amplitude ratio A1/A2 of 
the two exponential contributions is changed by almost a fac- 
tor of four. This can be explained by the reduced influence of 
exciton migration on the PL decay dyamics due to a decreased 
diffusivity at 4.2 K indicating that 12 is mostly governed by 
this process. This assumption is consistent with the observed 
dynamic redshift of the PL spectrum within the first 500 ps 
at room temperature where 12, i-e. the exciton migration to 
lower energetic sites, has a significant influence on the decay 
dynamics. Instead, the Ti depicts the initial conformational 
relaxation of the polymer backbone accompanying the migra- 
tion process. Note that for extraction of the low temperature 
transients the shift of the transitions to lower energies by 20 
meV due to reduced thermal energy was taken into account. 
As we only observe emission from the low energy electronic 
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FIG. 4. (a) PL spectra of PCDTBT for different delay times showing 
a dynamic redshift which can be ascribed to a shift of the 0-1 and 0-2 
peak positions by approximately 70 meV within the first 500 ps (in- 
set) due to exciton migration and conformational relaxation, (b) PL 
decay transients of PCDTBT thin film taken at the initial peak posi- 
tion (8 ps) of the dominant 0-1 and 0-2 transition at room temperature 
and 4.2 K. 

state the internal relaxation within PCDTBT copolymer after 
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photoexcitation has to be faster than the temporal resolution of 
our experiment of 8 ps, which is in accordance with Banerji et 
al., suggesting a sub-picosecond timescale [28]. 
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TABLE I. Parameters of the PL transients shown in Figure 4 (b) 
assuming bi-exponential decay. E denotes the probe energy of the 
transients, A 12 and X\ 2 are the amplitudes and time constants, re- 
spectively. 

The PL of a 1 : 1 blend of PCDTBT with PC 70 BM is strongly 
quenched due to efficient electron transfer to the fullerene re- 
sulting in a singlet exciton splitting (see Figure 5). Assuming 
that PC70BM acceptor has a nonzero absorption at the excita- 
tion wavelength of 400 nm a superposition of both PL spectra 
is expected. Comparing the spectral shape of transient spec- 
tra of the copolymer with separately recorded PL spectra of 
PC70BM (dashed lines), we find that at 50 ps the blend spec- 
trum can be completely described by acceptor emission, al- 
though the initial spectra differed significantly. This finding 
means that the copolymer PL signal is completely quenched 
within this time range, however the exact quenching rate can- 
not be determined within the temporal resolution of our setup. 
The blend PL spectrum is initially shifted to higher energies, 
as compared to neat PCDTBT PL, which can be explained 
by a dominant 0-0 vibronic transition (see inset to Figure 5). 
This shift is due to reduced self-absorption of the high-energy 
part of the PL spectrum of the blend, as the absorption of 
PC70BM in this spectral range is lower compared to PCDTBT. 
Additionally the increased disorder in the intermixed donor- 
acceptor blends may also cause an increase of the relative 
height of the 0-0 transition. Due to the strongly reduced exci- 
ton lifetime in the blend, the dynamic redshift caused by the 
exciton migration to lower energetic sites has no significant 
influence on the spectral dynamics in the blend PL. 

After excitation into the HEB of the PCDTBT copolymer, 
the direct interaction between donor and acceptor by means of 
the electron or energy transfer to the PC70BM competing with 
the internal excitation transfer within the copolymer moiety 
has to be considered. Energy transfer towards the acceptor 
has been observed upon photoexcitation of copolymers F8BT 
and IFBT blended with PC 6 oBM [29, 30]. However, these 
copolymers were only excited via the low-energy absorption 
band and the energy transfer process was followed by triplet 
generation on the acceptor via intersystem crossing. To clarify 
the energy dependence of the interplay between internal relax- 
ation within copolymer and intermolecular charge transfer, we 
performed the PL excitation (PLE) measurements. The com- 
parison of the PLE spectra measured on pristine PCDTBT and 
on 1 : 1 blend (Figure 6 (a)) shows no indication of a direct ex- 
citation transfer from the high energy excited state towards 
the acceptor, as the two spectra are almost identical. This 
finding implies that for electrons created close to the donor — 
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FIG. 5. PL specra of a 1 : 1 PCDTBT:PC 7 ()BM blend at various delay 
times. PL spectra of neat PC70BM 8 and 50 ps after excitation with 
400 nm are shown for comparison (dashed lines). Inset shows the 
deconvolution of the initial (1=8 ps) PCDTBT:PC 7( )BM PL spectrum 
with 0-0, 0-1 and 0-2 vibronic transitions. The apparent initial high 
energy shift of the blend spectrum compared to PCDTBT spectrum 
(Fig. 4a) can be explained by an increased relative contribution of 
the 0-0 transition resulting in a spectral broadening of the copolymer 
PL spectrum. 



acceptor interface, which are expected to have a significant 
contribution to the PL of the 1:1 blend due to intercalation 
in this system[31], the electron transfer to PC70BM does not 
act as a significant alternative decay channel from the HEB 
(excitons created at a certain distance from the interface will 
relax before reaching it). Therefore, the internal partial CT on 
the copolymer backbone is expected to precede the electron 
transfer to the fullerene. 

Our results allow us to draw the picture of the excita- 
tion dynamics in copolymer PCDTBT, which is schemati- 
cally shown in Figure 6 (b). As a result of the coupling be- 
tween the BTC and benzothiadiazole units, the copolymer 
absorption spectrum exhibits two prominent transitions: the 
HEB corresponding to the excitation of the electron rich BTC 
donor segment while the LEB is a charge transfer band due 
to interaction of BTC with the adjacent benzothiadiazole. In 
PCDTBT:PC 70 BM blends, direct excitation of the LEB leads 
to efficient charge separation at the donor acceptor interface. 
The radiative decay to the ground state is bypassed by this 
competitive process. Excitation to HEB is followed by a fast 
and efficient charge transfer towards benzothiadiazole in the 
sub-picosecond regime. This internal relaxation is followed 
by the charge separation in the presence of an acceptor. 



D. SUMMARY 

In this work we carried out a detailed analysis of the 
steady state absorption and PL as well as of the solva- 
tochromic shift on the donor-acceptor copolymer PCDTBT 
and its building blocks — carbazole and 4,7-di(thien-2-yl)- 
2,1,3-benzothiadiazole as well as of the newly synthesized 
PBT-carbazole which represents a PCDTBT backbone seg- 
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FIG. 6. (a) PLE spectra of PCDTBT and a 1:1 PCDTBT:PC 70 BM 
films. No indication of a competing relaxation channel following 
the excitation into the HEB can be assumed, (b) Energy scheme 
displaying the energy relaxation pathways in the copolymer-fullerene 
blends. Solid and dashed arrows indicate excitation of the LEB and 
HEB, respectively. The rates of electron transfer and the radiative 
decay to the ground state obey the inequality k\ >ki- 
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ment without the thiadiazole end groups. This allowed us to 
decipher the functions of the constituent parts and their role 
in the copolymer. We assign the two prominent absorption 
bands of the copolymer to the absorption of the 2,7-di(thien-2- 
yl)carbazole and to the charge transfer state formed by the lat- 
ter and the adjacent benzothiadiazole units, respectively. This 
is in contrast to the recent work of Banerji et al. [14] where 
both bands have been associated with charge transfer. Pho- 
toexcitation to the high energy band is followed by the internal 
relaxation within PCDTBT via the ultrafast charge transfer to 
benzothiadiazole group prior the radiative decay to the ground 
state. The decay dynamics of PCDTBT PL are dominated by 
a dynamic redshift of the spectrum due to conformational re- 
laxation and exciton migration to more ordered regions (low 
energy sites) within the copolymer film. This shift indicates a 
reduced crystallinity in PCDTBT compared to, for example, 
P3HT. The addition of acceptor PC70BM results in an efficient 
quenching of the copolymer PL within the first 50 ps, which 
is due to electron transfer to the acceptor. Comparing PL ex- 
citation spectra of PCDTBT and 1:1 PCDTBT:PC 70 BM thin 
films we find no indication for a direct electron transfer from 
the high-energy excited state of PCDTBT towards fullerene 
acceptor. Instead, the internal energetic relaxation within the 
copolymer is assumed to precede the charge transfer to the 
fullerene acceptor underlining the importance of the coupling 
between functional copolymer units for the photovoltaic per- 
formance of the blends. Combining complementary exper- 
iments performed in solid and liquid phases, we believe to 
offer a physical picture on how the excitation energy is be- 
ing transformed in the low band gap copolymer as well as in 
its fullerene blends. We think that our comparative studies of 
PCDTBT, its building blocks, following the "box of bricks" 
principle, provides an experimental tool that might help to de- 
cipher the interactions within novel D-A systems. 
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